Abstract. The morphology and phylogeny of two poorly known species, Uronema nigricans (Müller, 1786 ) Florentin, 1901 and Lembadion lucens (Maskell, 1887 ) Kahl, 1931 , were respectively collected from a eutrophic freshwater river in Shenzhen and an oligotrophic lake in Zhanjiang (both in southern China) and investigated using standard taxonomic methods. The sampled population of Uronema nigricans was characterized by a cell size of 30-40 μm × 12-20 μm in vivo, an elongated elliptical outline with a prominent apical plate, and 13-15 somatic kineties. The sampled population of Lembadion lucens was characterized by a cell size of 45-80 μm × 20-50 μm in vivo, 25-35 somatic kineties, five or six caudal kinetosomes with cilia about 20 μm in length, and a single right-positioned contractile vacuole. The small subunit ribosomal RNA gene (SSU rDNA) of these species was sequenced and compared with those of their congeners to reveal nucleotide differences. The phylogenetic trees showed that the Shenzhen population of Uronema nigricans clusters with two other sequences under the name of "Uronema nigricans" (which are possibly misidentified) and then groups with Uronemita sinensis (Pan et al., 2013 ) Liu et al., 2016 with full support. Phylogenetic analyses indicated that genus Lembadion is monophyletic with full support provided by both Bayesian inference and maximum likelihood algorithms. Based on analyses of morphological and sequence data, Uronemita sinensis may represent a new genus between Uronema and Uronemita.
INTRODUCTION
Ciliates in the class Oligohymenophorea de Puytorac et al., 1974 usually demonstrate global distribution (Kahl 1931 , Dragesco and Dragesco-Kernéis 1986 , Foissner et al. 1994 , Lynn 2008 ) and exhibit great biological and morphological diversity (Thompson and Kaneshiro 1968 , de Puytorac et al. 1974 , Kaneshiro and Holz 1976 , Foissner 1995 , Song and Wilbert 2000 , Lynn and Small 2002 , Lynn and Strüder-Kypke 2005 , Jankowski 2007 , de Castro et al. 2014 .
Since the end of the last century, a number of new or little-known species within this group have been isolated and reported during faunistic surveys conducted in Chinese coastal areas Ma et al. , 2004 Ma et al. , 2006 Wang et al. 2008; Miao et al. 2010; Fan et al. 2011a, b) . Recent investigations of this class have demonstrated that it is much more diverse than previously assumed (Chantangsi et al. 2013; Liu et al. 2016; Pan H. et al. 2016; Pan X. et al. , 2017 Schuster and Bright 2016) , which highlights the need to conduct further studies on oligohymenophorean ciliates.
In the last decade, molecular phylogenetic analyses based on small subunit ribosomal RNA gene (SSU rDNA) sequences have increasingly been used to investigate evolutionary relationships within the class Oligohymenophorea (Strüder-Kypke et al. 2000; Shang et al. 2003 Shang et al. , 2006 Shang and Song 2005; Miao et al. 2008 Miao et al. , 2009 Gao et al. 2010 Gao et al. , 2012 Gao et al. , 2013 Gao et al. , 2016 Feng et al. 2015; Xiong et al. 2015; Zhao et al. 2016) .
Uronema was first established by Dujardin (1841) with Uronema marinum as its type species. Since then, several species have been reported or transferred into this genus, but many of them were identified based only on live observation without the application of silver staining techniques and were consequently misidentified. The genus diagnosis was amended by Song et al. (2009) , and according to this diagnosis, six species are currently included in the genus, namely U. marinum Dujardin, 1841; U. elegans Maupas, 1883; U. nigricans (Muller, 1786) Florentin, 1901 ; U. gallicum Pérez-Uz and Song, 1995; U. heteromarinum Pan et al., 2010;  and U. orientalis Pan et al., 2015 (Thompson and Evans 1968 , Song 1991 , Foissner et al. 1994 , Pérez-Uz and Song 1995 , Petz et al. 1995 , Pan H. et al. 2010 . Among these, only U. gallicum lacks molecular information and has not been recorded from China. Two incomplete SSU rDNA sequences under the name of "U. nigricans" have been submitted to the National Center for Biotechnology Information (NCBI), however, they are possibly misidentified after reinvestigation. Perty (1849) first established the genus Lembadion and transferred Bursaria bullina Müller, 1786 into this genus and designated it as a type species. Maskell (1887) established a new genus Thurophora and described Thurophora lucens. Stokes (1887) reported a new species under the name of Hymenostoma magnum. Kahl (1931) transferred both Thurophora lucens and Hymenostoma magnum into the genus Lembadion. So far, this genus includes seven nominal species, the latest being Lembadion planus Obolkina, 2006 (Dragesco 1960 Foissner et al. 1994; Esteban et al. 2000; Obolkina 2006) .
In the present work, two freshwater species were documented based on live observation and silver staining preparations, and their SSU rDNA sequences were characterized and analyzed to determine their phylogenetic position within the class Oligohymenophorea.
MATERIALS AND METHODS

Sample collection and cultivation
Uronema nigricans was collected from a eutrophic freshwater (water temperature about 15°C, pH 7.6) river in Shenzhen (22°32'19"N; 114°06'45"E), southern China, on December 7, 2015 (Fig. 1A) . In this case, water samples were collected by scraping the surface of the riverbank, collecting water samples along with organic debris.
Lembadion lucens was collected from Huguangyan Lake, an oligotrophic lake in Zhanjiang (21°08'38"N; 110°16'20"E), southern China, on October 24, 2013 when the water temperature was 24.5°C and its pH was 8.2 (Fig. 1B) . In this case, water samples were collected directly along with some organic debris.
Raw cultures were maintained in Petri dishes using habitat water at room temperature (24°C-25°C) with grains of rice or artificial fish food granules added to promote the growth of bacterial food for the ciliates.
Morphological methods
Living cells were isolated from raw cultures with micropipettes and observed using bright-field and differential interference contrast microscopy at 100 ×-1,000 × magnification. The protargol staining method described by Wilbert (1975) was used to reveal the ciliature and nuclear apparatus. In vivo measurements were conducted at a magnification of 40 ×-1,000 ×. Counts and measurements of stained specimens were performed at a magnification of 1,000 ×. Drawings of living cells were produced using freehand sketches and photomicrographs, and drawings of silver-stained specimens were produced with the help of a camera lucida . The terminology used is according to Song (1991) and Foissner et al. (1994) .
DNA extraction, PCR amplification, and gene sequencing
Genomic DNA extraction, polymerase chain reaction (PCR), and sequencing of the SSU rDNA were carried out according to the methods of Huang et al. (2014) . To remove potential contamination, a micropipette was used to isolate and wash several cells with filtered (0.22 μm) habitat water. Extraction of genomic DNA was performed using a DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany), following the manufacturer's instructions. Primers 18S-F (5'-AAC CTG GTT GAT CCT GCC AGT-3') and 18S-R (5'-TGA TCC TTC TGC AGG TTC ACC TAC-3') were used for SSU rDNA amplification (Medlin et al. 1988) . To minimize the possibility of PCR amplification errors, Q5
® Hot Start High-Fidelity DNA Polymerase (New England BioLabs, USA) was used. Sequencing was performed bidirectionally on an ABI 3700 sequencer (GENEWIZ Biotechnology Co., Ltd., Beijing, China).
Phylogenetic analyses
The SSU rDNA sequences of Lembadion lucens and Uronema nigricans were aligned with the sequences of 75 other taxa downloaded from the NCBI genetic sequence database (GenBank) for the phylogenetic analyses. The accession numbers were provided after the species names in the phylogenetic trees. Nolandia orientalis, Placus salinus, and Prorodon ovum were selected as outgroups. All sequences were aligned using MUSCLE software from the European Bioinformatics Institute (available at http://www.ebi.ac.uk/ Tools/msa/muscle/). The resulting alignment was manually edited using the program BioEdit 7.0.5.2 (Hall 1999) , and both ends of the alignment were trimmed. The final alignment, including 1834 positions and 77 taxa, was used for the phylogenetic analyses.
Maximum likelihood (ML) analysis with 1,000 bootstrap replicates was performed to estimate the reliability of internal branches using RAxML-HPC2 on XSEDE 8.2.8 (Stamatakis 2014), with the GTRGAMMA model provided on the online server CIPRES Science Gateway (Miller et al. 2010) . Bayesian inference (BI) analysis was performed using MrBayes 3.2.6 on XSEDE 3.2.6 (Ronquist and Huelsenbeck 2003) on the CIPRES Science Gateway (available at http://www.phylo.org/sub_sections/portal) with the best-fit model GTR + I + G selected by Akaike information criterion (AIC) using MrModeltest 2 (Nylander 2004) . Markov chain Monte Carlo (MCMC) simulations were then run with two sets of four chains for 4,000,000 generations at a sampling frequency of 100 and a burn-in of 10,000 trees (25%). All remaining trees were used to calculate the posterior probability (PP) using a 50% majority rule consensus. MEGA 4.0 (Tamura et al. 2007) analyses were used to visualize the tree topologies. Systematic classification followed Lynn (2008) .
Comparison of the SSU rDNA sequences
The SSU rDNA sequences of Uronema nigricans and Lembadion lucens, along with the sequences of their congeners obtained from the GenBank database, were aligned using BioEdit 7.0.5.2 (Hall 1999) . After deleting both ends of the alignments, the numbers of unmatched sites and sequence similarities were calculated. The alignments were then modified manually by removing identical nucleotides with BioEdit 7.0.5.2 (Hall 1999) , resulting in nucleotide matrices. Uronema nigricans has been redescribed several times since its first recording. However, high-quality photomicrographs of protargol-stained individuals and SSU rDNA sequencing were not available previously. In this study, we determined an improved diagnosis and a detailed redescription based on previous and present data.
RESULTS
Class
Improved diagnosis: Cell size ca. 20-50 μm × 10-25 μm in vivo with a truncated apical plate; pellicle thin and inconspicuously notched, with ridges located longitudinally along ciliary rows; 10-15 somatic kineties, somatic kinety 1 usually shortened, posterior end extending at about three fourths to four fifths of cell; oral apparatus typical of the genus, membranelle 1 clearly separated from other membranelles; freshwater and brackish water habitat.
Deposition of voucher slides: Two voucher slides (registration nos. LMJ2015120701-1 and LMJ2015120701-2) have been deposited in Laboratory of Protozoology, Ocean University of China, Qingdao, China.
Morphological description of Shenzhen population: Cell size in vivo about 30-40 μm × 12-20 μm. Cell shape elongate-elliptical in outline. Anterior end flat, with a prominent apical plate. Posterior part broadly rounded (Figs 2A, E) . Buccal field about half body length and slightly concave. Pellicle thin and inconspicuously notched with ridges located longitudinally along ciliary rows (Figs 2A, 3A, E) . No extrusomes detected in vivo. Cytoplasm colorless to slightly grayish, containing several bar-like crystals distributed in anterior and posterior portions. Well-fed individuals containing several to many grayish-green food vacuoles, leading to a dark gray body color at low magnifications (Figs 3A-E). Single contractile vacuole subcaudally positioned, about 3-4 μm in diameter when fully expanded, pulsating at intervals of 6-8 s (Figs 2A, 3A) . Somatic cilia about 5-7 μm long in vivo, densely arranged ( CV, coefficient of variation in %; Max, maximum; Mean, arithmetic mean; Min, minimum; n, number of individuals examined; SD, standard deviation; SK 1 , the kinety on right of buccal field; SK mid , the middle kinety on dorsal side; SK n , the kinety on left of buccal field. Table 1) Although Lembadion lucens had been redescribed using silver staining methods several times, its SSU rDNA sequence remained unavailable. Moreover, it had never been found in China. Based on all data available, the species is now redescribed below. Buccal apparatus typical of genus, containing one adoral membranelle (AM) and two paroral membranes (PMs) (Figs 2D, 4F ). Adoral membranelle composed of seven rows of densely packed basal bodies located on left margin of buccal cavity. Inner three rows (apart from SKn) almost identical in length while outer rows shortened gradually ( Figs 2D, 4F, K) . Two PMs positioned on right margin of buccal cavity. Kinetids in outer PM (near SK1) arranged in zigzag pattern and longer than inner one, while inner PM seems to be composed of single row of kinetids (Figs 2E, 4F) . Small bald area presents below posterior end of buccal apparatus, between SKn (kinety on left of buccal field) and SK1 (Figs 2D, 4E, K). Two pairs of basal bodies close to posterior end of SKn ( Figs 2D, 4K) .
Silverline system visible in vivo and after protargol staining, typical for genus, composed of longitudinally arranged silverlines located between SKs, and horizontally arranged silverlines connecting two neighboring longitudinal ones at mid and posterior part of the body, forming rectangular meshes where somatic cilia inserted centrally (Fig. 4E) .
SSU rDNA sequence and phylogenetic analyses (Figs 5 and 6)
The SSU rDNA sequences of Uronema nigricans and Lembadion lucens have been deposited in the GenBank database with accession numbers, lengths, and guaninecytosine (GC) content as follows: MF072399, 1706 bp, 43.20% and MF072398, 1603 bp, 44.85%, respectively.
The topologies of the SSU rDNA trees constructed using ML and BI analyses are similar; therefore, only the ML tree is presented here with support values from both algorithms (Fig. 5) . Both analyses consistently placed our population of Uronema nigricans in a clade with Uronemita sinensis and two sequences under the name of "Uronema nigricans" with full support values (100% ML, 1.00 BI). The clade is clustered with another three Uronemita species with full support. Lembadion lucens is placed with Lembadion bullinum and Lembadion sp., forming a monophylum with maximum support (100% ML, 1.00 BI). This clade clustered with other species in Peniculida with full support (100% ML, 1.00 BI).
The results of the sequence comparisons are shown in Fig. 6 . Uronema nigricans MF072399 differs from Uronema nigricans JF973324 and Uronema nigricans JN638884 in 10 nucleotides, having a sequence similarity of 99.0% (Fig. 6 ). When compared with Uronemita sinensis JN885083 separately, Uronema nigricans MF072399 differs in 40 nucleotides with a sequence similarity of 97.6% (not shown in the figures or tables). Lembadion lucens MF072398 differs from Lembadion bullinum AF255358 and Lembadion sp. KM222113 in eight and seven nucleotides, respectively (see Fig. 6 ).
DISCUSSION
Consideration on three "Uronema nigricans" populations collected from brackish water: Uronema nigricans was first described by Müller (1786) under the name of Cyclidium nigricans and Florentin (1901) transferred it into the genus Uronema. Many populations under the name "Uronema nigricans" were redescribed thereafter (Thompson and Evans 1968 , Foissner 1971 , Agamaliev 1978 , Wilbert and Kahan 1981 , Dragesco and Dragesco-Kernéis 1986 , Song 1991 , Foissner et al. 1994 , Yang et al. 2012 . Among the descriptions, three populations were collected from brackish water (Thompson and Evans 1968 , Agamaliev 1978 , Wilbert and Kahan 1981 . Since the species in Uronema are usually very small and share many characteristics, misidentification may occur due to the contemporary techniques used and researchers. Consequently, we reinvestigate those three populations. Thompson and Evans (1968) identified four populations of Uronema nigricans and provided the ciliature information for the species. One of the populations was collected from the mouth of the Pullamadam River in South India. In their opinion, "the river drains into Palk Bay across a wide sand flat by means of several drainage streams and there seemed to be little mixing of the fresh water of the river with the marine water of Palk Bay" (Page 372 in Thompson and Evans, 1968) . However, there was no data or evidence to show the salinity of the samples. Consequently, it is possible that no marine water was mixed in the samples and the four populations were all collected from fresh water.
The population described by Agamaliev (1978) was collected from the Caspian Sea (brackish water). Based on the information obtained, we cannot separate the population from Uronema marinum since there are overlaps in many of the characteristics of U. marinum and U. nigricans, and there was no description of the living observation of this population, which is an important basis for differentiating between these two species (see "Morphological comparison of Uronema nigricans with its congeners" section in the "Discussion" and Table 2 ). We believe that the Red Sea population described by Wilbert and Kahan (1981) was misidentified based on the following: 1) the cell size was relatively smaller than that of other Uronema nigricans populations (20 μm × 12 μm vs. 20-50 μm × 10-25 μm); 2) it possessed a four-rowed M2, diagonally arranged (vs. twoor three-rowed in longitudinal direction); 3) the M3 was almost as large as the M2 (vs. M3 being much shorter than the M2 in other populations); and 4) a unique structure of PM (anterior part in one row and posterior part in a zigzag pattern vs. PM arranged in a zigzag pattern throughout). Therefore, in our opinion the Red Sea population did not represent Uronema nigricans.
Based on the information above, it seems that we could potentially remove "brackish water habitat" from the species diagnosis. However, for the first two populations described, we cannot prove that the brackish water morphotypes are not Uronema nigricans. Consequently, it is better not to remove the "brackish water habitat" from the diagnosis.
Consideration on the "Uronema nigricans" population collected from guppies (Poecilia reticulate):
Recently, Yang et al. (2012) identified a scuticociliate from guppies (Poecilia reticulate) as "Uronema nigricans". According to their description, this species had a facultative parasitic life cycle. The body size in vivo was slightly smaller than that of the Shenzhen population (25-30 μm × 10-15 μm vs. 30-40 μm × 12-20 μm in the Shenzhen population, cell size data are from living cells). In addition, the numbers of SKs differed slightly (13-14 vs. 13-15 in the Shenzhen population).
However, when we reinvestigated the photomicrographs, we found that the species described by Yang et al. had some features which were quite different from those of the Shenzhen population of Uronema nigricans: 1) the posterior end of the buccal field was apparently subequatorially positioned (vs. pre-equatorially positioned in the latter); 2) the posterior end of SK1 extended to over four fifths of the cell (vs. to about three fourths of the cell in the latter); 3) the M1 composed of three to five basal bodies (vs. five or six basal bodies in the latter); 4) the M3 was larger in proportion, almost equals M2 in length (vs. M3 was much shorter than M2 in the latter). Since there were limited photomicrographs to reveal the ciliature, more comparisons cannot be made between them (Yang et al. 2012) .
Based on the information above, we believe that the population of "Uronema nigricans" described by Yang et al. (2012) was possibly misidentified, that is, the population may represent another independent species.
Comparison of the Shenzhen population of Uronema nigricans with other populations:
The species has been redescribed many times with different populations, and here we make comparisons between the Shenzhen population and others (Thompson and Evans 1968 , Foissner 1971 , Agamaliev 1978 , Dragesco and DragescoKernéis 1986 , Song 1991 , Foissner et al. 1994 .
The Shenzhen population resembles the original description with regard to cell size and shape. However, information on many diagnostic characteristics is lacking in the original description and further comparisons cannot be made (Müller 1786). In terms of body size, shape, buccal apparatus and somatic ciliature, the current population corresponds well with the following populations whose ciliature data are available, thereby suggesting their conspecificity. Thompson and Evans (1968) described four populations of Uronema nigricans by providing detailed information. In comparison to the four populations, the Shenzhen population has a relatively larger body size (21-29 μm × 10-14 μm vs. 25-35 μm × 12-18 μm in the Shenzhen population; please note that all data are from impregnated individuals), and more SKs (11-13 vs. 13-15).
Uronema parduczi was described by Foissner (1971) as a new species but was treated as a junior synonym of U. nigricans (Foissner et al. 1994) . The form is similar to the Shenzhen population in cell size, but has slightly fewer SKs (11-13 vs. 13-15). The SK1 is longer than that of the Shenzhen population (depicted from the photomicrographs in Foissner 1971) .
When compared with the Caspian Sea population (Agamaliev 1978) , the Shenzhen population possesses a smaller body size (30-40 × 20 μm vs. 25-35 μm × 12-18 μm in the Shenzhen population, data are from impregnated individuals) and fewer somatic kineties (13 vs. 13-15, usually 14 in the Shenzhen population).
The population described by Dragesco and Dragesco-Kernéis (1986) has a smaller body size (20-30 × 11-14 μm vs. 30-40 μm × 12-20 μm in the Shenzhen population, data are from living cells) and fewer somatic kineties (11-13 vs. 13-15) when contrasted with the Shenzhen population.
The Shenzhen population resembles the German population most (Song 1991) . A minor difference lies in the number of somatic kineties: 13-15 (usually 14) in the former vs. 13-14 (usually 13) in the latter.
The population described by Foissner et al. (1994) also had fewer somatic kineties when compared to the Shenzhen population (11-13 vs. 13-15).
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It is noticeable that among all the populations mentioned above, only the descriptions by Agamaliev (1978) and Song (1991) provided the number of kinety rows in M2. The number in the former was two; while the number in the latter population was three (vs. two or three rows in the M2 of the Shenzhen population).
Morphological comparison of Uronema nigricans with its congeners (Table 2) : In general, species in the genus Uronema share a similar cell size and almost identical body shape. Consequently, it is difficult to distinguish them through live observation alone. However, since U. parduczi became a synonym of U. nigricans (Foissner et al. 1994) , the species seems to be the only nominal species that can live in freshwater habitats so far.
In spite of its habitat, the characteristics of Uronema nigricans resemble those of other Uronema species; therefore, a comparison of these characteristics is necessary. In terms of the number of somatic kineties, U. nigricans should be compared with three species: U. marinum Dujardin, 1841; U. gallicum Pérez-Uz and and U. heteromarinum Pan et al., 2010 (Thompson and Evans 1968 , Song 1991 , Foissner et al. 1994 , Pérez-Uz and Song 1995 , Pan H. et al. 2010 . For the comparisons of U. elegans and U. orientalis with U. nigricans, see Table 2 .
Uronema nigricans differs from U. marinum by having different body features: the pellicle is inconspicuously notched with ridges located longitudinally along ciliary rows in the former, and the pellicle is smooth without ridges in the latter. Additionally, the M1 in U. nigricans is clearly separated from other membranelles, while the gap between M1 and M2 in U. marinum is relatively small (Thompson and Evans 1968 , Song 1991 , Foissner et al. 1994 , Pan H. et al. 2010 .
Uronema nigricans can be distinguished from U. gallicum mainly by the structure of its buccal apparatus. In U. gallicum, the buccal area is large and occupies about two-thirds of the cell length. By contrast, it occupies approximately 40% of the cell length in U. nigricans. The M1 in U. gallicum is composed of six or seven widely spaced kinetosomes in a row that sometimes seems to break in the middle. In U. nigricans, the kinetosomes are not widely arranged, and no breaks are observed in the middle of M1 (Thompson and Evans 1968 , Song 1991 , Foissner et al. 1994 , Pérez-Uz and Song 1995 .
Uronema heteromarinum can be distinguished from U. nigricans by its notched pellicle with conspicuous reticulate ridges (in contrast to the inconspicuously notched pellicle without reticulate ridges in U. nigricans) and the number of SKs (15 or 16 vs. 10-15 in U. nigricans) (Thompson and Evans 1968 , Song 1991 , Foissner et al. 1994 , Pan H. et al. 2010 .
As mentioned in the "SSU rDNA sequence and phylogenetic analyses" section under the "Results", the SSU rDNA sequence of Uronema nigricans is placed in a clade with Uronemita sinensis. Here, we also provide a comparison of the two species.
Uronema nigricans and Uronemita sinensis possess similar body size and shape. The latter can be differentiated from U. nigricans by its bodily features (the surface of the cell is smooth, without ridges; extrusomes are rod-shaped, about 2 μm long vs. pellicle thin and inconspicuously notched, with ridges located longitudinally along ciliary rows; no extrusomes are detected in vivo in U. nigricans), a unique M1 structure (consisting of two or three basal bodies in a short row vs. a single-rowed M1 with about five to seven basal bodies in U. nigricans), the relatively longer somatic cilia (about 10 μm long vs. 5-7 μm), fewer somatic kineties (nine to 10 vs. 10-15), a larger macronucleus (10-18 μm in diameter vs. 8-11 μm), and the marine habitat in which it lives (vs. fresh and brackish water) (Pan X. et al. 2013) .
Besides, Uronema nigricans usually has a shorter SK1, with the posterior end extends at about three fourths to four fifths of the body, which separated U. nigricans from its congeners (Thompson and Evans 1968 , Song 1991 , Foissner et al. 1994 , Pan H. et al. 2010 .
Comparison of the Zhanjiang population of Lembadion lucens with other populations (Table 3) : Lembadion lucens has been described several times since it was originally reported (Maskell 1887 , Kahl 1931 , Dragesco and Dragesco-Kernéis 1986 , Guinea et al. 1990 , Foissner et al. 1994 , Asadullayeva and Alekperov 2007 . The population in the current study corresponds well with the original description (Maskell 1887) in terms of the body shape, size of the buccal field, shape of the macronucleus, and the manner of locomotion. The body size of the population described by Maskell was slightly larger than that of the Zhanjiang population (62.5 μm × 43.7 μm vs. 53 μm × 40 μm on average). Our population is also smaller than the population depicted by Kahl (the size in vivo of our population is 45-70 μm in length vs. 80-100 μm).
In comparison to our population, the population observed by Dragesco and Dragesco-Kernéis (1986) was similar in its number of . However, the latter had a more rounded body shape (vs. an elliptical Original; Foissner et al. 1994; Song 1991; Evans 1968 Song et al. 2009; Pan H. et al. 2010 Song et al. 2009 Song et al. 2002 Pérez-Uz and Song Redescription of Two Freshwater Ciliates 31 Guinea et al. 1990; Foissner et al. 1994 Foissner et al. 1994 Foissner et al. 1994 Dragesco 1960 Dragesco 1965 Esteban (Dragesco and Dragesco-Kernéis 1986) . The population described by Guinea et al. (1990) had similar cell size, cell shape, and buccal field size as the Zhanjiang population. Minor differences were found in the number of in the Zhanjiang population), the number of basal bodies in the caudal cilia (10, arranged into two rows vs. seven or eight in two rows in the Zhanjiang population), and the number of dikinetids in SKs (which seemed to be composed of dikinetids in each SK vs. four or five dikinetids in the dorsal SKs and eight to 12 dikinetids in the ventral SKs in the Zhanjiang population). However, these dissimilarities are believed to be population dependent.
The population that Foissner et al. (1994) described had a slightly larger cell size than ours (50-70 μm × 30-50 μm, rarely up to 100 μm in length, vs. 45-70 μm × 20-40 μm) and more caudal cilia (about 10 vs. seven or eight), as well as more in the Zhanjiang population). In our opinion, these dissimilarities are also believed to be population dependent.
In Asadullayeva and Alekperov's (2007) description, the Iranian population had slightly fewer basal bodies of caudal cilia (seven in the Iranian population vs. seven or eight, arranged into two rows in the Zhanjiang population) and fewer in the Zhanjiang population), which seemed to be composed of dikinetids (vs. four or five dikinetids in the dorsal SKs and eight to 12 dikinetids in the ventral SKs in the Zhanjiang population).
Comparison of Lembadion lucens with its congeners (Table 4) : At present, the genus Lembadion is comprised of seven species, six of which can be compared to Lembadion lucens.
Lembadion bullinum (Müller, 1786) Perty, 1849 is much larger than L. lucens (about 120-200 μm × 70-120 μm and usually 140 μm in length in vivo vs. 45-75 μm × 20-50 μm) and has an elongated body shape (vs. oval to elliptical). Additionally, L. bullinum possesses much more somatic kineties with dikinetids in the posterior part (50-60 longitudinal SKs vs. 25-35 SKs in L. lucens, with the anterior and posterior ends consisting of monokinetids and mid-portion dikinetids). Lembadion bullinum also has more and longer caudal cilia than L. lucens (about 17 kinetids of caudal cilia arranged into two rows with cilia that are 40-50 μm long Lembadion planus Obolkina, 2006 has a larger cell size (128-183 × 85-102 μm vs. 45-75 μm × 20-50 μm in L. lucens), a different body shape (diamond shaped, with tapered front and rear vs. oval to elliptical in L. lucens) and an oval macronucleus (vs. a kidney-shaped macronucleus in L. lucens). The species also has much more SKs (63-70 vs. 25-35) and more caudal cilia with a short length (five to seven dikinetids on the dorsal side and 15-18 on the ventral side, caudal cilia 17-18 μm vs. five or six kinetids on the dorsal side and two to four on the ventral side, caudal cilia 20-30 μm long in L. lucens) (Maskell 1887 , Dragesco and DragescoKernéis 1986 , Guinea et al. 1990 , Foissner et al. 1994 , Obolkina 2006 . Consequently, these two species will not be confused.
Phylogenetic analyses of the Shenzhen population of Uronema nigricans (Figs 5 and 6): As mentioned above, the SSU rDNA sequence of the Shenzhen population of Uronema nigricans and two other sequences under the name of "U. nigricans" were deposited in the Uronemita clade and clustered with Uronemita sinensis with full support.
The sequence of the Shenzhen population of Uronema nigricans (MF072399) differs from the other two sequences (JF973324, JN638884, both from Yang et al. 2012) in 10 nucleotides, respectively, and the sequence similarity between them are 99.0%. In our opinion, such a difference in SSU rDNA (of which the sequence is extremely conservative) may propose separated species. As mentioned in "Consideration on the 'Uronema nigricans' population collected from guppies (Poecilia reticulate)" in "Discussion", we find several features that differs between the species described by Yang et al. and the Shenzhen population of U. nigricans, indicating that they represent separated species. Both morphological and molecular information show that the species in Yang et al. (2012) is possibly misidentified. We have marked the two sequences extracted from this species (JF973324, JN638884) with question marks in Figs 5 and 6.
Discussion on the taxonomic status of Uronemita sinensis (Figs 5 and 6, Table 2): Based on the phylogeny results (the sequence of Uronema nigricans was deposited in the Uronemita clade and clustered with Uronemita sinensis with full support, see Fig. 5 ), we may pose the following questions: Should Uronema nigricans be transferred into the genus Uronemita? Does Uronemita sinensis resemble Uronema nigricans more than other Uronemita species on both morphological and molecular levels?
